The comfort requirements regarding vibrations and noise emissions from the exhaust systems of new generations of cars are increasing. In order to decouple the engine from the exhaust system and to allow specified movement, flexible coupling elements are employed. The Burex element is a high tech component to reduce vibrations and noise emissions. The construction allows a small metal substrate to be integrated into the element. This combination can be used as a start-up converter for gasoline or diesel engines. This paper describes the performance of the element with regard to noise emissions, vibration reduction and mechanical durability.
INTRODUCTION
The function of a decoupling element is to connect the "moving" engine section of the exhaust gas system with the "rigid" area of the vehicle. By doing this, the aim is primarily to compensate for the relative (tilting) movements of the engine which occur especially in the case of transverse fittings. With the decoupling element, the gas-conducting components such as the manifold and the down pipe are relieved from mechanical tension to the extent that the principle of lightweight construction can be implemented here.
The generally increasing requirements with regard to driving comfort concern not just a reduction in the level of vibration in the vehicle but also a drop in the level of noise. By employing a decoupling element, the transmission of structure-borne noise (e.g. noises generated by the charger and the engine) to subsequent areas of the exhaust gas system is reduced. This decrease in the medium-to high-frequency radiation of the components results in improved acoustics within the passenger section. Thus costly encapsulations or shieldings in these areas can be dispensed with.
In today's applications, decoupling elements are installed at various positions of the exhaust gas system separate from the converter and silencer arrangement. Fig. 1 shows existing arrangements of decoupling elements.
Fig. 1 Arrangement of decoupling elements in the exhaust gas system

STRUCTURE OF THE BUREX 9 DECOUPLING ELEMENT
The Burex 9 decoupling element consists of a gastight, curved bellow enclosed by a shell. Between the bellows and the shell are leaf spring assemblies which lead the effective forces in the exhaust gas system, past the curved bellows. The "liner" arranged inside the curved bellow protects this from direct impact by the hot exhaust gas. As the flow of force is led past the curved bellow by the springs, thin-walled bellows can be employed. This results in very good acoustic behaviour compared to bellows with a carrying function. The surrounding shell is connected with the bellow on both sides by leaf springs. This construction ensures both good self-carrying capacity as well as an axially short constructional design with sufficient lateral movability due to the double-jointed structure. 
Structure of the Burex 9 decoupling element
By means of the special arrangement and/or number of the lamellas, the element can be set for stiffness and damping within narrow tolerances and with a high level of constancy in the long term for the working life of the element.
Fig. 3
Spring stiffness (1) and damping behavior (2) can be set according to the number of leaf springs employed
Proper coordination of the leaf spring assemblies allows the vibration behaviour of the exhaust gas system to be effectively influenced, thus ensuring good decoupling behaviour even at medium to high frequencies. The leaf spring assembly also has a high level of stiffness against torsion, which ensures that the bellow is effectively protected against torsional stress. 
A B
The Burex 9 element is thus an effective and reliable solution for the optimisation of the vibration behaviour of the exhaust gas system. In response to the constantly increasing requirements with regard to comfort in the inner area, decoupling elements are being increasingly installed close to the engine and thus in front of the exhaust gas aftertreatment system.
DECOUPLING ELEMENT WITH INTEGRATED CONVERTER; CATCOUPLER
In order to comply with the increasingly stringent exhaust gas limit values, it is urgently necessary that converter efficency must be improved. The greatest potential for improvements to catalytic converters is in the cold start phase, where over 70% of the total emissions of a test cycle occur. So that the exhaust gas temperature of the engine can be optimally exploited, it is attempted to position the converter as closely to the engine as possible. [1, 2, 3] As the space available in the engine area is limited, a highly effective start-up converter is the obvious choice. The small volume (low thermal mass) of this converter has the advantage of rapid heating-up behaviour. The construction space taken up by the decoupling element close to the engine now offers an ideal opportunity for the converter to be integrated in the "liner" of the element, thus saving space. An alternative would be to employ cylinder-head converters, which are very specifically dependent on the geometry of the manifold and of the engine. Moreover, even several cylinder-head converters cannot attain the converter volume necessary to sufficiently reduce emissions. Apart from the high space velocities recurring periodically during the exhaust cycles of the engine, a further problem is the change of pressure in the exhaust gas, because of the small cross section, which can have a negative effect on the exhaust gas turbocharger efficiency. From the point of view of engine power and emission technology, the best solution is to install the converter direct in front of the turbocharger. [4] With their higher level of efficiency, diesel engines reach considerably lower exhaust gas temperatures than gasoline engines. The level of temperature is often at the lower limit of the light off temperature of the coating. Placing the converter behind the turbocharger would lead to a decrease of 60 -110°C in exhaust gas temperature so that especially in this case, the efficiency of the converter would drop sharply. The obvious thing to do here is to place a start-up converter inside an available decoupler element in front of the turbocharger. Positioning the converter in the "unused space" inside the decoupling element allows additional converter volume to be created close to the engine. The "liner", which leads the flow of exhaust gas through the decoupling element, can be employed as a converter shell at the same time.
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Fig. 7 Decoupling element with integrated converter; CatCoupler
CALCULATION OF THE CONVERTER EFFICIENCY OF THE CATCOUPLER
A catalytic converter system has to be heated up to a temperature of about 200 -300°C to reach light-off. During this time, the converter functions as a heat exchanger and uses the engine exhaust gas as a heat source. The time required to reach light off is determined by the level of heat of the engine exhaust gas and the adsorption of the converter. The quantity of heat transfer from the exhaust gas to the converter is equivalent to: To assess the quantitative reduction of emissions, Emitec developed a converter calculation programme adapted for cold start behaviour. By indicating design parameters such as dimensions, cell density, foil or wall thickness, coating and insulation, the geometry of the converter is determined. A distinction is to be made here between ceramic and metal substrates. By additionally entering the mass flow, the exhaust gas temperature in front of the converter, the hydrocarbon (HC) and carbon monoxide (CO), the calculation programme can calculate the catalytic behaviour of the catalyst. The main emphasis here is on the geometry of the substrate. It can be seen that at a shorter distance from the engine, the exhaust gas temperature increases. The exhaust gas turbocharger extracts so much energy from the exhaust gas that temperature reductions of over 120°C during cold start were measured here. This means that in order to exploit the thermodynamic advantage of the high exhaust gas temperature and thus to attain light-off as quickly as possible, the obvious positioning is in front of the exhaust gas turbocharger. 
CLOSE COUPLED POSITION
As a second step the underfloor converter was moved to a position behind the turbocharger. As is clearly shown in Fig. 11 , just positioning the underfloor converter close to the engine leads to a reduction of 25% in HC emissions. By increasing the cell density from 400 cpsi to 600 cpsi -which means an increase in the GSA -and with the reduction of foil thickness from 50 µm to 40 µm -which leads to a reduction in thermal mass -a total reduction of 32% in HC emissions is attained. By employing a combination of a CatCoupler positioned in front of the turbocharger and a main converter close to the engine, HC emissions are reduced by almost 50%. It can be seen that apart from the cat volume which plays an important role, the positioning and thus the temperature represent a further decisive factor influencing the efficiency of an exhaust gas treatment system.
SERVICE LIFE
Due to the exothermal reaction in the CatCoupler, the liner temperature is increased by approx. 60 K. For this reason, it became necessary to repeat the already concluded service life tests of the decoupling element at 60 K higher test temperatures.
DECOUPLER
As part of the development of the Burex 9, the following development procedures are carried out on a standard basis in order to determine fatigue strength:
• Determination of the real movement behaviour of the exhaust gas system in the vehicle on a test route specified in accordance with the customer's requirements.
• Determination of loading blocks by means of classification procedures taking amplitude as the parameter.
• Determination of the limit loadability of the element by means of test bench runs with variable load amplitude with stress on one and more axes. From this, a damage curve is produced.
• Comparison of the damage curve with the data determined in the vehicle measurement. This provides information on the expected service life of the element in the vehicle. Fig. 12 Determination of the damage curve
The development of the Burex 9 decoupler has been concluded. All component tests in axial and axial/lateral loading direction with variable amplitude for the determination of the damage curve fulfil the requirements of the automobile industry. In addition, a resonance endurance run will be carried out with a VW TDI engine.
CONVERTER
To ensure the durable service life of a converter, the substrates are subjected to special test procedures. Extreme operating conditions corresponding to actual running conditions in practice are simulated on testing stands. [5] Hot shake test (HST)
The hot shake test or hot vibration test simulates vibrations in an exhaust converter system at a constant temperature. Electrodynamic shakers and air-/hydraulically driven pulser systems are employed to generate the vibration. The test components are mounted either in horizontal or vertical direction relative to the vibration device. An engine or burner system is normally employed as the heat source. The tests described above are concentrated on testing single converter systems. The loads applied should have a direct relationship to the actual loads of the application. For the ETC test, the entire vehicle exhaust system is secured to the engine test bench under application-related conditions. The intended production engine must also be employed. An engine operating point is selected to achieve a maximum exhaust gas temperature in front of the converter. This operating point depends on the type of engine concerned. Defined parameters therefore have to be determined for each engine.
The main objectives of this test are:
• To determine whether the existing standard converter design can be employed for the application combined with a decoupling element.
The catalytic converter employed in the decoupler finished the component durability tests with positive results. Engine durability tests of the decoupling element with integrated converter as well as emission measurement under fresh and aged conditionsare currently being carried out.
CONCLUSION
The decoupling element Burex 9 demonstrates the following features:
• Compensation of engine vibrations regarding the exhaust gas system.
• Reduction of noise emissions.
• Adjustable vibration behaviour by means of the leaf spring assembly.
• High degree of stiffness against torsion.
• Using the "liner" as catalyst mantle to integrate additional converter volume in a position extremely close to the engine (here 0.1l).
By integrating a catalyst into the decoupling element the following advantages can be achieved in the exhaust aftertreatment system:
• Reduction of the volume from the main catalyst.
• Exploitation of the high exhaust gas temperature in front of the turbocharger.
• Reduction of up to 50% in HC emissions (calculation) compared to a single underfloor catalyst.
